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ABSTRACT

Background and aim: the aim of the study was to report the
prevalence of heterophoria in Iragi school-aged children and to
examine the association with potential risk factors. Method:
This cross-sectional study was conducted in Karbala school
(Irag). Participants were selected randomly from grades 1-6"
primary school in the urban area. Ocular examinations were
performed in participants, in near and distance visual acuity and
the near and distance fixation cover test was used to
differentiate heterophoria. Result: Of 802 students that
completed all the ocular examinations, the mean age of
participants was 9.22 + 1.86 years and 49.6% (n=400) of them
were male. In participants with heterophoria, 152 (19.0%)
participants had exophoria, 30 (3.7%) had esophoria, 8 (1.0%)
had hypophoria, 4 (0.5%) had hyperphoria. Logistic regression
adjusted for gender and visual acuity showed the odds of
having heterophoria was 0.9 (95% CI: 0.83, 0.99) time with
increasing one year in the age of participants that was
statistically significant (P=0.027), in addition, the odds of
having heterophoria adjusted with age and gender in
participants with visual acuity was 1.57 (95% CI: 1.01, 2.43)
time compared with participants without heterophoria that was
statistically significant too (P=0.045). Conclusion: Our result
showed the prevalence of heterophoria was in the mid-range
and was similar to undeveloped countries. We suggest the
school health Instructor and government administrators should
make a greater effort to contribute to the current eye screening
program.
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INTRODUCTION

Heterophoria refers to a situation where both eyes tend to deviate from the parallel form
and is mainly caused by the imbalance of binocular extraocular muscle force and the
insufficient convergence required. Exophoria and esophoria are the common types of
heterophoria that turn the eye outward and inward, respectively, from an active position (1).
Heterophoria may have no symptoms in patients, but poorly controlling in heterophoria
may lead to extraocular muscle tension, visual fatigue, diplopia, eye pain, blurred vision,
dizziness, fatigability and headache, strabismus that may decline in visual function or even

severe visual impairment that some time need advance treatment such as surgery (2, 3).

The prevalence of heterophoria reported varies in previous studies in different ethics and
geographic regions. The range of heterophoria was from 4.0% to 80.2% (4-10). Recently,
many studies have reported the prevalence of strabismus (4-12). But, few kinds of research

in the Middle East, especially in Iraq, have been focused on heterophoria.

If heterophoria is not treated at the appropriate time, is the most common cause of
uncorrectable visual impairment, difficulties in daily life activities, and reduced quality of
life in children and adults up to 60 years old (13). Identifying and treating heterophoria at
an earlier age improves the chance of restoring binocularity and may prevent permanent
strabismus-associated heterophoria (14). Some studies showed that factors such as age (2,
4, 11, 12), gender (11, 15), ethnicity (5, 11), and refractive error (5, 16-18) have an
association with the heterophoria.

Most of the risk factors such as living habits, economic level, education level, and health
care coverage for children in Iraq may differ from other countries that the previous study
conducted. Hence, this study aimed to report the prevalence of heterophoria in Iragi school-

aged children and to examine the association with potential risk factors.
METHOD:

This cross-sectional study was conducted in a school-based. Participants were selected from
grade 1-6th primary school in Karbala urban area, Karbala, Irag. All primary schools in
Karbala were listed, and 20 schools were selected by the simple randomization method. In

each school, 40 students were selected by proportional sampling from each class.
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Students with self and parent informed consent were included in the study. Also, exclusion
criteria were history of any intraocular surgery, history of any non-surgical treatment for
strabismus or phoria including orthoptics, any ophthalmic or systemic medications affecting
binocular vision and accommodation, and ocular trauma. All students refer to one of the

Karbala health centres to assess the student's eyes.

The logarithm of the minimum angle of resolution (LogMAR) chart was used to measure
distance visual acuity. All assessments were measured monocularly at the optimal test
distance of 244 cm (8 feet). Distant visual acuity is considered worse than logMAR 0.0
(20720).

The LogMAR HOTYV near vision chart is used to test near vision acuity at 33 cm. A
screening phase determined the approximate threshold visual acuity, which was then
confirmed. Visual acuity was scored as the smallest optotype seen. Another appointment to
retest visual acuity was given to students that incorporated with visual acuity testing on
examination day. In addition, cover and uncover test and alternate cover test were used to
determine the heterophoria and the type of heterophoria. Also, a training pack was prepared

to familiarize students with those rebooked for a visual acuity retest.
ETHICAL CONSIDERATION

Ethical approval for this study was obtained from the ethical committee of Tehran University
of medical sciences (TUMS). All procedures used adhered to the tenets of the Declaration of
Helsinki. Written and verbal informed consent was obtained from either the parent or
guardian of each participant before any examination. All study personnel complied with child
protection legislation. Parents who refuse the initial invitation are contacted at a later time in
an attempt to recruit them. In addition, no payment was made for medical examinations or

transportation by participants.
STATISTICAL ANALYSIS

The outcome and categorical variables were described by number, percentages, and 95%
confidence interval (Cl); also, mean, standard deviation (SD), and 95% CI were used to
describe continuous variables, which are nearly normally distributed. T-test was used to
compare the mean of continuous variables in the healthy/heterophoria subgroup, and chi-

square was used to evaluate the association of categorical variables with outcome.
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Also, odds ratios (OR) and 95% confidence intervals (Cl) are reported as a measure of
association, the odds ratio of having heterophoria and 95% CI among participants were
calculated by uni-variable logistic regression; in addition, the adjusted odds ratio and 95%
Cl calculated by stepwise multivariable logistic regression. The backward stepwise
regression model was used to run the multivariable analysis. Due to the low sample size and
keeping the power of statistical analysis high, all types of heterophoria are considered one
group (unhealthy). All analyses were performed two-sided, and P-value less than 0.05 was
considered statistically significant. IBM® SPSSver25® software was used to analyze the
data.

RESULT:

A total of 802 students in grades 1-6 were examined; the response rate among eligible
students was 96%, and about 1% of participants had at least one missing data. The mean age

of participants was 9.22 + 1.86 years, and 49.6% (n=400) of them were male.

Totally 194 (24.2%, 95% CI=21.2%, 27.2%) children were diagnosed with heterophoria at
near or distance position, in which 152 (19.0%) participants had exophoria, 30 (3.7%) had
esophoria, 8 (1.0%) had hypophoria, 4 (0.5%) had hyperphoria. Also, the prevalence of
visual acuity in distance position of both eye was about 14% (95% CI: 11.6, 16.4), and 8%
(95% ClI: 6.1, 9.9) at near position.

Table 1 shows the difference in mean age in normal/abnormal participants. The result
showed that the mean age of patients with heterophoria is 0.36 years lower than healthy
participants, which was statistically significant (P=0.017). The mean age in participants with
visual acuity was 0.43 years lower than healthy participants that were statistically significant
(P=0.025).
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Table 1: compare mean age in healthy/unhealthy participants

Age in positive Age in negative Age difference

patients patients (patients-normal) P-value

meanzxsd years meanzxsd years years (95 % ClI)
Heterophoria 8.95+1.85 9.31+1.86 -0.36 (-0.66, -0.06) | 0.017
Hypophoria and

. 9.17 £ 2.52 9.31+1.86 -0.15(-1.22,0.92) | 0.788

Hyperphoria
Esophoria 8.67 £2.22 9.31+1.86 -0.65 (-1.33, 0.04) 0.066
Exophoria 899+ 1.72 9.31+1.86 -0.33 (-0.65, 0.00) | 0.050
Visual acuity
Distance 8.85+ 1.86 9.28 +1.85 -0.43 (-0.80, -0.05) | 0.025
Near 9.00+1.78 9.24 +1.87 -0.24 (-0.72,0.23) | 0.314

Results of adjusted and unadjusted logistic regression for heterophoria and potential risk
factors have shown in table 2. Univariable (unadjusted) regression showed that the odds of
having heterophoria decreased 10% or 0.9 (95% CI: 0.82, 0.98) time with increasing one year
in the age of participants. In other words, the odds of having heterophoria decreased 0.9 times
with increasing one year in the age of participants that was statistically significant (P=0.018).
Also, the odds of having heterophoria in participants with visual acuity was 1.59 (95% CI:
0.72, 1.37) time compared with participants without heterophoria; in other words, the odds of
having heterophoria in patients with visual acuity was 1.59 time of patients without visual

acuity that was statistically significant (P=0.035).

Also, adjusted logistic regression adjusted for gender and visual acuity showed the odds of
having heterophoria decreased 10% or 0.9 (95% CI: 0.83, 0.99) time with increasing one
year in the age of participants that was statistically significant (P=0.027), in addition, the
odds of having heterophoria adjusted with age and gender in participants with visual acuity
was 1.57 (95% CI: 1.01, 2.43) time compared with participants without heterophoria that
was statistically significant too (P=0.045) (Table 2).
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Table 2: adjusted and unadjusted logistics regression to detect the association

Unadjusted (univariable logistic regression)

: . 95% of CI
Heterophoria | Odds Ratio SE P-value
(lower, upper)
Age 0.90 0.04 (0.82, 0.98) 0.018
Gender (female
0.99 0.26 (0.72, 1.37) 0.964
as reference)
Visual acuity 1.59 0.22 (1.03, 2.46) 0.035
Adjusted (multivariable logistic regression)
Heterophoria ) 95% of ClI
Odds Ratio SE P-value
(lower, upper)
Age 0.90 0.04 (0.83, 0.99) 0.027
Gender (female
1.03 0.17 (0.74, 1.44) 0.848
as reference)
Visual acuity 1.57 0.22 (1.01, 2.43) 0.045

DISCUSSION

More than 802 children were enumerated in this survey of urban, school-aged children in
Karbala, Iraq. The overall examination response rate (96%) was outstanding, considering
that the study was conducted in a densely populated metropolitan area within

representative samples.

To the best of our knowledge, this study is the first to provide school-based data on the
prevalence of heterotopia and visual acuity in school-aged children in a large metropolitan
area in lIraq (Karbala). Authors of the paper believe their results are reliable and valid
because of representative sample size, relatively large number of screened people,
covering of all different socio-economic status areas, the whole cities and schools, and data
gathering, quality control by researcher project who are a panel member of province

Karbala data collection team.

The prevalence of heterophoria in our 802 sample 1-6th grade school children was overall
in the mid-range 24.2% (95% CI: 21.2%, 27.2%). Among these students 152 patients
(19.0%) had exophoria, 30 (3.7%) participants had esophoria, and 12 patients (1.5%) had
hypophoria and hyperphoria (8 patients with hypophoria and 4 patients with hyperphoria).
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The result of our study was consistent with the previous studies (5, 8, 19-23). However, it
has controversy comparing the prevalence of phoria found in this study to other studies.
The large study of Leone et al. that was conducted on 4093 students in Sydney showed the
exophoria was highly prevalent at near fixation (age 6: 58.3%, age 12: 52.2%) (5).

The prevalence variations might be attributable to disparities in genetic vulnerability,
environmental factors, and lifestyles among the different locations. Also, another factor of

this difference could be that studies selected participants from hospitals/institutions.

Also, the result of our study showed the odds of having heterophoria change 0.90 times by
increasing one year in the age of participants. However, most studies found no difference
in the prevalence of phorias according to gender or age (11, 22, 24-27). However, the
result of Hashemi et al. (4) suggested that the prevalence of phoria was significantly higher
in older age groups that were consistent with some previous studies (5, 25, 28-30). A trend
of the phoria distribution across the age's shows that it's beyond 6 years of age, after the
entrance in school, a significant incidence of heterophoria may occur due to changes in the
visual system that may be related to the start of school activities (11, 25, 31). Also, some
studies reported, from the age of 20, humans become progressively more exophoric for
near vision (28, 32) and reach around 5 pd at the 50s and 60s of life (33).

In addition, our result showed that the odds of having heterophoria in participants with
visual acuity was 1.59 (95% CI: 0.72, 1.37) time compared with participants without
heterophoria. Previous studies had controversy in the evaluation of heterophoria and visual
acuity that some study not find an association (16, 34-38) However, some studies found
associations between phoria and visual acuity (5, 16-18). In addition, some previous
studies reported a weak but significant correlation between phoria and fusional vergence,
(8, 27, 39), However, there is some controversy in founding, and some studies found no
correlation (32, 33, 40).

The association may be because of the need for greater accommodative efforts to
overcome hyperopia, which in conjunction with convergence causes an esodeviation (5).
Furthermore, previous literature reported near esophoria may have been associated with
the development and increased rates of myopic progression in children (36, 41, 42) and
may be related to vergence adaptation to a prolonged exposure to near tasks, which causes

a convergence; also, this may even be a possible cause of myopia progression (41, 43).
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LIMITATION:

This study has some limitations and should be considered; first, this is a cross-sectional
study, and a causal relationship cannot be concluded. Second, information on children and
families was collected based on the parent/carrier-reported questionnaire, which carried a
risk of recall bias. Third, children who may have been received ophthalmic care from other
practicing ophthalmologists, along with those whose heterophoria had been completely
treated, might have been absent from the study. This may have lowered the prevalence
rate. Finally, last but not least, due to the limited number of cases for each subgroup, we
did not have enough power to analyze the risk factors of heterophoria types.

CONCLUSION

Our result showed the prevalence of heterophoria was 24.2%; this value was in the mid-
range and was similar to undeveloped countries. We suggest the school health Instructor
and government administrators should make a tremendous effort to contribute to the

current eye screening program, especially in students in 1%t and 2" grade of school.
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